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[Reprinted  from  The  Medical  News,  June  23,  1 894.] 


THE  REMOVAL  OF  STONE  IN  THE  BLADDER.1 


By  WM.  S.  FORBES,  M.D., 

PROFESSOR  OF  ANATOMY  IN  JEFFERSON  MEDICAL  COLLEGE,  AND  CLINICAL  SURGEON  TO  JEPFERSON  MEDICAL  COLLEGE  HOSPITAL. 


It  is  my  purpose  to  demonstrate : 

1.  T4ie  measured  crushing  resistance  of  vesical 
calculi. 

2.  The  measured  strength  of  the  lithotrite. 

3.  The  lithotrite  from  a mechanical  point  of 
view. 

4.  A new  lithotrite. 

Given  the  problem — a stone  in  the  bladder,  a 
limited  viaduct  to  reach  it  : remove  the  stone  with- 
out injuring  the  parts.  There  are  two  unknown 
factors  in  this  problem : First,  the  crushing  resist- 
ance of  the  stone,  and  second,  the  strength  of  the 
lithotrite  used  in  reducing  the  stone  so  that  it  may 
be  removed  with  facility.  Knowing  the  crushing 
resistance  of  the  strongest  vesical  calculus  in  our 
possession,  we  are  in  a position  to  proceed  to  so 
construct  a lithotrite  that  we  can  successfully 
crush  and  safely  remove  such  a stone  were  we 
to  meet  with  it  in  the  human  bladder.  So 
far  as  I know,  the  exact  crushing  resistance  of  a 
vesical  calculus  has  never  been  stated  by  any 
writer.  Such  vague  statements  as  “very  hard,” 
“very  tough,”  “very  large,”  etc.,  have  been 
used  in  describing  stones,  but  the  measured  crush- 
ing resistance  of  any  stone  taken  from  the  human 
bladder  has  always  been  overlooked.  The  same 
may  be  said  of  the  lithotrite.  “Very  strong,” 
“very  powerful,”  etc.,  have  been  the  vague  terms 
used  in  describing  it ; but  its  measured  strength 
computed  by  any  unit  has  never  been  stated.  In 
order  to  inform  myself  exactly  on  these  points  I 
addressed  a letter  to  the  Librarian  of  the  Surgeon- 
General’s  Office,  Washington,  asking  for  any  infor- 
mation whatever  the  Library  contained  in  regard 
to  them,  and  his  reply  was  that  the  Library  con- 
tained nothing  relating  to  the  matter. 

It  is  manifest,  therefore,  that  I have  entered 
an  entirely  new  field  of  investigation.  Now,  with  a 
perfect  disposition  to  respect  the  written  law  of  this 
body  to  study  economy  of  time,  I shall  strive  to  aim 
at  all  practicable  condensation  and  brevity.  A 
very  liberal  expenditure,  however,  is  at  times  de- 
manded by  the  wisest  economy ; and  if  it  shall  be 

1 Read  before  the  American  Surgical  Association,  June  1st, 
1894,  during  the  Triennial  Congress  of  American  Physicians  and 
Surgeons. 


found — as  I fear  it  may,  from  the  almost  elementary 
manner  in  which,  to  meet  all  exigencies,  the  ques- 
tions that  arise  must  be  discussed — that  my  own 
outlay  offends  against  the  letter  of  the  law,  I hope 
it  also  will  be  found  that  it  is  in  harmony  with  its 
spirit. 

In  order  to  attain  the  necessary  knowledge  for 
the  solution  of  the  problem  in  question,  it  is  neces- 
sary first  to  measure  the  crushing  resistance  of  a 
large  number  of  stones  taken  from  the  human 
bladder,  a very  large  number  of  every  size,  embrac- 
ing the  hardest,  toughest,  and  largest  specimens, 
for  it  must  be  borne  in  mind  that  it  is  especially 
these  that  we  seek  to  investigate,  rather  than  those 
that  are  small  and  readily  broken  by  very  moderate 
pressure.  So  far  I have  been  able  to  collect  from  all 
sources  only  184  human  vesical  calculi  for  this 
investigation. 

The  table  herewith  annexed,  in  which  the  results 
are  given,  is  so  arranged  that  any  number  can  be 
added.  I propose  to  continue  these  investigations, 
and  from  time  to  time  I shall  add  and  publish  the 
results  observed.  I shall  begin  my  task  impressed 
with  that  fine  saying  of  Coleridge  : “ The  conditions 
of  science  should  be  weighed  in  the  scales  of  a jew- 
eller, and  not  like  the  commodities  of  the  market 
on  the  weigh-bridge  of  common  prejudice  and  vulgar 
error.” 

We  find  that  the  184  vesical  calculi  tabulated  are 
divided  as  follows : 


Oxalate  of  lime 55 

Phosphate  of  lime  .......  64 

Uric  acid  ........  27 

Oxalate  and  phosphate  mixed  ....  15 

Uric  acid  and  phosphate  mixed  ....  8 

Uric  acid  and  oxalate  mixed  ....  7 

Oxalate,  phosphate,  and  uric  acid  mixed  . . 4 

Combustible,  requiring  further  examination  . . 2 

Carbonate  of  lime  and  oxalate  . . . . 1 

Cystin 1 


184 

Had  time  permitted,  the  grouping  of  the  calculi 
in  the  table  below  would  have  been  made  on  the 
basis  of  their  chemical  constitution,  as  indicated  in 
the  foregoing  summary. 

At  some  future  time  this  grouping  will  be  arranged 
and  all  additions  to  it  will  be  made  upon  this  basis. 
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Table  of  the  Measured  Crushing  Resistance  of  184  Vesical  Calculi. 
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Attention  is  called  to  the  large  percentage  of 
oxalate  of  lime  calculi.  This  is  probably  accounted 
for  from  the  fact  that  they  had  been  especially  cared 
for  by  their  collectors,  while  other  stones  not  receiv- 
ing such  attention  were  lost. 

I have  attempted  to  deduce  from  this  table  a 
general  law  for  the  crushing  resistance  of  vesical 
calculi,  considered  under  the  heads  of  chemical 
composition,  weight,  size,  and  specific  gravity,  but 
owing  to  the  great  variation  in  the  ages  of  the  cal- 
culi since  being  removed  from  the  bladder  (from 
one  to  seventy  years)  and  the  consequent  hardening 
or  softening  of  the  colloids  due  to  atmospheric  ex- 
posure, it  has  been  found  impracticable  for  the 
present  at  least.  It  would  seem,  however,  as  one 
element  of  the  law,  that  there  is  a marked  decrease 
in  the  crushing  resistance  of  vesical  calculi  rela- 
tively to  their  size  and  weight  as  they  grow  larger. 

The  crushing  resistance  and  other  physical  prop- 
erties such  as  size,  weight,  etc.,  of  the  calculus  are 
as  much  as  its  chemical  composition  a part  of  its 
clinical  history.  Hereafter  by  the  use  of  this 
new  lithotrite,  having  the  measuring  mechanism  in 
its  handle,  the  crushing  resistance  of  a calculus  will 
be  recorded  at  the  time  of  the  operation. 

Thus,  in  time  a table  may  be  compiled  from  the 
reports  of  observing  lithotritists  which  will  enable 
a more  judicious  selection  of  a lithotrite  of  proper 
size  for  the  reduction  of  a given  calculus. 

It  is  my  purpose  to  demonstrate  from  experiments 
the  relative  crushing  resistance  of  vesical  calculi  and 
the  strength  of  the  new  lithotrite.  The  line  of 
safety  in  this  new  lithotrite  will  be  pointed  out  by 
having  stamped  on  its  handle,  with  the  maker’s 
name,  the  number  of  pounds  to  which  the  instru- 
ment has  been  safely  tested  in  a machine  which  has 
been  made  for  this  purpose,  before  it  leaves  the 
maker’s  shop. 

The  testing  machine  and  the  lithotrite  were 
designed  and  made  by  my  son,  Mr.  John  S.  Forbes, 
engineer. 

I will  venture  to  ask  permission  to  allow  him  to 
describe  them. 

TESTING  APPARATUS.  (BY  MR.  JOHN  S.  FORBES.) 

This  apparatus  (Fig.  i)  consists  first  of  a rigid 
frame  of  wrought-iron  pipe,  a;  second,  of  a longi- 
tudinally adjustable  cast-iron  bridge,  b,  spanning 
the  frame  and  secured  at  any  point  by  clamps,  c c. 
Mounted  on  this  bridge  is  a universal  brass  clamp,  d. 
for  holding  the  cylindrical  handle  of  the  lithotrite, 

A cast-iron  bed-plate,  e,  spans  the  frame  and  is 
secured  at  one  end  of  it.  This  bed-plate  carries  a 
rotatable  shaft,  f,  turning  in  ball-bearings,  whereby 
the  friction  is  reduced  to  a minimum.  This  shaft 
also  has  an  end  movement  of  about  one  and  a quarter 
inches.  One  end  of  the  shaft  is  provided  with  an 
independent  four-jaw  chuck,  g,  for  holding  and 
turning  the  screw-handle  of  the  lithotrite.  Upon 
* 


the  middle  portion  of  the  shaft,  and  between  the 
ball-bearings,  is  a flat,  grooved,  brass  wheel,  h,  so 
arranged  that  it  may  be  turned  independently  of 
the  shaft  or  locked  to  it.  Secured  to  the  wheel  is  a 
cord,  i,  which  passes  over  an  overhead  grooved 
pulley,  j,  and  is  provided  at  its  dependent  end  with 
a pan,  k,  for  the  reception  of  weights.  The  friction 
due  to  turning  the  wheel  and  its  accompanying 
parts,  and  weight  of  the  pan  is  eliminated  by  the 
small  bottle,  l,  containing  shot.  The  operation  of 
the  apparatus  is  as  follows: 

A lithotrite  is  placed  in  position  and  its  cylindri- 
cal handle  clamped  with  the  brass  clamp,  d,  on  the 
cast-iron  bridge.  The  screw-handle  is  secured  in 
the  four-jaw  chuck,  g,  on  the  rotatable  shaft,  and  the 
whole  is  gotten  in  perfect  line  and  accord.  By 
locking  the  instrument  and  turning  the  wheel,  h, 
over  to  the  right,  the  male  jaw  of  the  lithotrite  is 
propelled  toward  the  female  jaw,  and  by  unlocking 
the  instrument  the  male  jaw,  together  with  the  shaft, 
chuck,  and  wheel,  may  be  slid  backward  and  for- 
ward just  as  the  instrument  may  be  operated  in  the 
hands.  The  result  so  far,  then,  is  that  we  have  a 
lithotrite  held  in  an  apparatus,  and  the  objects  are: 
first,  to  measure  the  crushing  resistance  of  a calculus 
placed  between  the  jaws  of  the  lithotrite;  second, 
to  learn  what  pressure  may  be  obtained  between  the 
jaws  of  the  lithotrite  without  injury  to  them  or  any 
other  portion  of  the  lithotrite;  and  third,  what 
pressure  between  the  jaws  will  break  them  or  any 
other  part  of  the  lithotrite.  In  order  to  obtain  the 
crushing  resistance  of  a calculus  held  between  the 
jaws  of  a lithotrite  we  must  consider  mathematically 
the  mechanical  elements  of  the  testing  apparatus  and 
the  lithotrite. 

We  may  use  the  formula: 

P=p  X c X w in  which  P = equals  the  pressure  between  the 
blades;  p = the  pitch  of  the  screw  in  number  of  turns  per  inch  ; 
c = the  circumference  of  the  wheel,  Ii,  of  testing  apparatus  ; 
w = the  weight  in  the  pan,  K,  of  the  testing  apparatus. 

Thus  it  will  be  seen  that  the  forces  are  inversely 
as  the  paths. 

Now  this  will  give  us  the  theoretical  pressure  be- 
tween the  jaws,  but  we  must  consider  the  friction  in 
the  lithotrite  arising  from  the  screw-thread  and  the 
tendency  of  the  male  blade  to  buckle.  In  order  to 
obtain  this  friction  we  place  a dynamometer,  or 
other  pressure-recording  instrument,  between  the 
jaws  and  apply  weights  to  the  pan  of  the  testing 
apparatus.  In  this  way  we  will  get  the  coefficient 
or  ratio  of  friction  in  the  lithotrite  to  the  weight 
applied  for  various  pressures  between  the  jaws.  We 
can  therefore  lay  out  a table  of  actual  frictions  for 
each  pressure.  The  formula  must  now  have  the 
factor  of  friction  introduced,  and  it  may  be  expressed 
thus: 

P = (p  x c X w)  — (F  w)  wherein  F = the  fric- 
tion corresponding  to  the  weight,  w.  The  dynamo- 
meter is  now  removed  and  we  are  ready  to  measure 
the  crushing  resistance  of  any  given  calculus.  The 
table  of  crushing  resistance  of  vesical  calculi  which 
is  before  you  was  obtained  in  this  way.  In  order 
to  obtain  the  second  and  third  objects,  viz:  the 
pressure  which  may  be  obtained  between  the  jaws  of 
the  lithotrite  without  injury  to  any  part  of  the  in- 
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strument,  and  what  pressure  and  where  the  instru- 
ment will  first  give  way,  we  again  make  use  of  the 
dynamometer  and  apply  weights  to  the  pan  of  the 
testing  apparatus  until  something  happens,  for 
something  is  bound  to  occur  if  we  apply  enough 
weights.  The  dynamometer  ceases  to  move  when 
this  event  takes  place,  and  we  read  the  ultimate 
pressure  which  the  now  useless  lithotrite  was  able  to 


record.  In  this  manner  the  table  of  the  strength 
of  various  lithotrites  which  is  before  you  was  ob- 
tained. 

DESCRIPTION  OF  LITHOTRITE.  (BY  MR.  JOHN  S. 
FORBES.) 

This  lithotrite  (Fig.  2)  has  some  of  the  elements 
that  are  common  to  the  Civiale,  Thompson  and 


A 


B 


7 


Bigelow  instruments,  viz : a pair  of  jaws  capable  of 
being  separated  and  brought  together  and  a handle 
mechanism  for  their  operation.  The  construction 
and  general  lines  of  it  are,  however,  entirely  original 
and  widely  different  from  any  lithotrite  now  in 
existence.  It  may  be  thus  described : 

The  penile  and  vesical  end  consists  of  a male 
blade  sliding  within  a female  blade  and  held  within 
the  latter  by  means  of  a slightly  angular  under-cut 
slot,  Fig.  3. 

This  is  done  to  prevent  the  male  blade  rising  out 
of  the  female  when  under  a strain,  so  that  the  greater 
the  strain  the  tighter  the  male  blade  is  held  within 
the  female.  The  long  axis,  b c,  Fig.  4,  of  the  shaft  is 
straight  from  the  handle  to  within  about  two  inches 
of  the  crook  or  curve;  here  it  rises,  c d,  at  an  angle 
of  about  five  degrees  until  it  meets  the  curve. 

This  accomplishes  six  important  objects:  First, 
it  gives  an  easy  introduction  of  the  instrument 
through  the  urethra,  because  of  a wide  angle.  Sec- 
ond, it  increases  the  strength  of  the  female  jaw  by 
giving  it  support  higher  up.  Third,  it  allows  a 
larger  stone  to  be  grasped  without  incurring  a long 
female  jaw.  Fourth,  it  places  the  metal  of  the 
female  shaft  where  it  is  most  needed  to  give 
strength.  Fifth,  it  prevents  side  movement  or 
twisting  of  the  male  jaw  by  giving  it  a deeper  slot 
to  move  in,  and  thereby  supporting  it  higher  up,  for 
the  male  blade  works  in  a straight  slot  along  the 
axis,  a c b.  Sixth,  the  angle  between  the  axis,  e f, 
of  the  female  jaw  and  the  long  axis  of  the  shaft, 
a c b,  is  the  same  as  if  the  shaft  were  straight  all  the 
way  to  the  curve. 

The  female  jaw  has  its  proximal  surfaces  concave, 
G,  preventing  the  calculus  from  slipping  out  when 
the  power  is  applied,  and  tending  as  well  to  drive 
the  calculus  lower  down,  thereby  placing  it  in  a 
position  where  the  instrument  gains  strength.  The 
female  shaft  is  elliptical  and  of  uniform  size  from 
the  handle  up  to  within  about  three  inches  of  the 
crook;  here  it  begins  to  increase  slightly  in  caliber 
until  it  reaches  the  maximum  which  is  at  the  crook 
(Fig.  4).  This  results  in  great  strength  for  the 
female  shaft  at  the  point  where  it  is  most  needed, 
and  at  the  same  time  places  the  extra  metal  within 
the  bladder  and  within  the  prostatic  portion  of 
the  urthera  only,  where  it  is  easily  accommodated. 

The  shoe  of  the  female  jaw  (m,  Fig.  5)  is  made 
abundantly  larger  than  the  male  jaw,  so  that  all 
debris  is  expelled,  and  impaction  of  the  instrument 
prevented,  and  the  wall  of  the  bladder  is  thus  pro- 
tected from  being  pinched  or  cut  (Fig.  5).  The 
female  blade  is  elliptical  in  cross-section  (Fig.  6), 
in  order  to  give  a thick  septum,  k,  to  the  male  blade, 
and  yet  not  increase  the  caliber  of  the  shaft  (Fig.  6). 
The  female  jaw  is  made  thin  in  a fore-and-aft  direc- 
tion (g,  h,  Fig.  4),  in  order  to  take  up  less  room 
in  the  bladder.  The  proximal  surface  (p,  Fig.  5)  of 
the  male  jaw  is  in  the  form  of  a wedge  of  about  sixty 
degrees,  in  order  to  penetrate  a calculus  with  the 
least  power  propelling  it.  The  cross  ridges  (r,  r, 
Figs.  4,  5,  6)  prevent  the  stone  from  flying  when 
broken,  and  the  parallel  spillways  (s,  Fig.  4,  6)  per- 
mit the  ddbris  to  escape  without  causing  impaction 
of  the  instrument. 


Sir  Henry  Thompson,  in  his  book  (The  Urinary 
Organs,  note  1,  page  79),  says:  “Only  slight  ap- 
proximation to  the  form  of  the  wedge  in  the  op- 
posing surface  of  the  male  blade  is  permissible.  If  it 
has  an  angle,  say,  of  ninety  degrees,  some  danger  is 
incurred.  It  may  be  driven  through  almost  any 
stone,  it  is  true,  but  the  fragments  will  fly  off  right 
and  left  with  prodigious  force,  even  in  fluid,  and 
injure  the  coats  of  the  bladder.  Also,  when  the 
male  blade  has  the  form  of  a rather  sharp  wedge, 
the  calculus  is  seized,  and  retained  with  greater 
difficulty  than  with  a male  blade  which  is  less 
salient.” 

Perhaps  he  does  not  realize  it,  but  after  saying 
the  foregoing  he  has  deliberately  designed  and 
adopted  a wedge  in  his  instrument  of  less  than  ninety 
degrees  ; in  fact,  a wedge  of  forty-five  degrees,  with 
no  means  whatever  beyond  it  to  prevent  the  frag- 
ments flying  (w,  w,  Fig.  7).  A great  deal  of  the 
success  of  his  instrument  is  owing  to  the  sharp  wedge, 
of  which  he  is  evidently  not  aware,  for  it  allows  his 
instrument  to  cleave  a stone  with  less  force  pro- 
pelling it,  and  when  anything  is  disrupted  with  a 
small  force  the  energy  stored  up  in  the  parts  so 
separated  is  less,  and  they  will  come  to  rest  sooner. 
The  iceman,  with  a thin-bladed  axe,  splits  the  block 
of  ice  gently  and  with  ease,  and  the  parts  so  sepa- 
rated do  not  fly.  What  would  happen  if  he  used  the 
broad  head  of  an  axe  ? 

As  regards  the  alleged  difficulty  of  seizing  and 
retaining  a calculus  with  a sharp  single  wedge,  it  is 
a well-known  fact  that  an  uneven  object  adjusts 
itself  more  readily  to  three  points  of  contact  than 
four.  More  especially  is  this  true  when  the  three 
points  form  apices  of  a triangle.  Moreover,  it  may 
be  said  that  out  of  184  vesical  calculi  crushed  by 
this  lithotrite  in  the  testing  apparatus,  not  one 
slipped  in  the  least,  except  to  adjust  itself  lower 
down  on  the  female  jaw,  owing  to  the  concave  sur- 
face of  that  member,  as  already  mentioned.  I greatly 
doubt  if  all  four  of  the  opposing  edges  (w,  w,  x,  x, 
Fig.  7)  in  the  Thompson  lithotrite  are  at  the  start 
in  contact  with  a calculus. 

The  spur  (t,  Fig.  4)  rises  to  a great  height  on  the 
male  jaw  to  give  it  greater  strength.  This  spur  in- 
terferes in  no  way  with  the  holding  of  the  stone. 

The  great  breadth  of  the  septum  (k,  Fig.  6)  of 
the  male  blade  is  permitted  by  the  elliptic  shaft. 

The  handle  or  screw  mechanism  belongs  to  what 
is  known  as  the  interrupted  screw-type.  It  consists 
of  an  internally  screw-threaded  barrel  (Fig.  8) 
having  the  threads  cut  away  for  the  entire  length 
of  the  barrel  at  alternate  spaces  of  ninety  degrees 
each. 

This  screw-barrel  has  an  end  movement  in  the 
cylindrical  handle  of  about  one-sixteenth  of  an  inch. 
Working  in  this  barrel  is  a pair  of  screw-blocks, 
likewise  having  their  screw-threads  interrupted  at 
alternate  spaces  of  ninety  degrees  each.  Thus  the 
screw-blocks  may  be  slid  up  and  down  the  barrel 
without  the  threads  engaging.  When  it  is  neces- 
sary, however,  to  apply  the  power,  the  screw-blocks 
are  turned  by  means  of  the  screw-handle,  and  the 
threads  engage  immediately.  One  screw-block  is 
rigidly  keyed  to  the  screw-handle  shaft,  and  the 
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other  is  so  formed  that  it  may  have  a motion  of 
ninety  degrees  around  the  screw-handle  shaft.  Thus, 
when  the  screw-handle  shaft  is  turned  to  the  right 
the  screw-block  that  is  rigidly  attached  to  the  shaft 
is  brought  into  mesh  with  the  threads  of  the  screw- 
barrel,  and  a further  turn  of  the  handle  of  ninety 
degrees  brings  the  rotatable  screw-block  also  into 
mesh.  The  screw-threads  on  these  two  blocks 
are,  therefore,  now  no  longer  interrupted,  rela- 
tively to  the  barrel,  but  continuous,  and  we  have  in 
substance  a solid  plug,  or  screw-block,  engaged  with 
the  threads  in  the  screw-barrel.  As  long  as  the 
screw-handle  is  turned  to  the  right  this  state  of 
affairs  continues,  and  the  male  jaw  is  propelled 
toward  the  female  jaw.  After  the  calculus  is 
crushed  the  instrument  may  again  be  unlocked  and 
the  jaws  separated  by  turning  the  screw-handle  to 
the  left  until  it  stops.  This  left-hand  motion  is 


never  more  than  half  a turn.  Owing  to  the  six- 
teenth-inch play  of  the  screw-barrel  in  the  cylin- 
drical handle  it  readily  adjusts  itself  to  engage  with 
the  thread  of  the  screw-block,  and  the  calculus  is, 
therefore,  never  dropped  (perhaps  after  a hard 
search  for  it)  in  locking  the  instrument.  The 
screw-thread  of  this  instrument  has  been  made  slow 
for  several  reasons.  First,  it  increases  the  power 
of  the  instrument  for  crushing,  because  it  brings  in 
the  well  known  and  important  factor  of  time  in 
crushing  the  calculus.  A certain  pressure  may  be 
applied  to  a stone  without  crushing  it,  but  if  the 
same  pressure  is  allowed  to  remain  acting  upon  the 
stone  for  a short  time  the  stone  will  crumble  with- 
out the  addition  of  further  pressure.  The  slow 
thread  is,  therefore,  adopted  that  the  stone  may 
have  time  to  break  without  unduly  straining  the 
instrument.  The  operator  is  also  spared  using  an 


Table  of  Comparative  Efficiency  of  Lithotrites. 


No. 


1 Size  of  lithotrite — French  scale 

2 Pitch  of  screw  (in  turns  per  inch)  .............. 

3 Character  of  screw-thread  

4 Diameter  of  screw-handle  in  inches 

5 Theoretical  pressure,  in  pounds,  between  jaws  of  lithotrite  for  one  pound  in  pan  of  testing  apparatus) 

(wheel  of  apparatus  being  18"  iu  circumference)  ..........  j 

6 Actual  pressure,  in  pounds,  between  jaws  of  lithotrite  for  first  pound  in  pan  of  testing  apparatus,  as  I 

registered  by  dynamometer / 

7 Per  cent,  of  friction  in  lithotrite  for  first  pound  applied ; the  actual  friction  increases  by  an  almost  ( 

constant  increment  for  increased  loads  for  all  types  of  lithotrites j 

8 Constant,  for  decrease  of  pressure  between  jaws  of  lithotrite,  for  each  additional  pound  applied  to  the  f 

pan  of  testing  apparatus.  ...............  j 

9 Average  crushing  resistance  of  ten  plaster-of-Paris  cylinders  of  uniform  size.  All  crushed  through  samel 

axis  to  determine  the  comparative  penetrative  qualities  of  the  various  lithotrites.  Actual  effort  ; 

in  pounds  between  jaws 

Relative  penetrative  efficiency,  due  to  the  form  of  jaws,  as  deduced  from  No.  9,  compared  with  the 

Forbes  lithotrite 

Actual  pressure,  in  pounds,  between  jaws  of  lithotrite  for  first  pound  of  rotative  force  applied  to  screw-  ) 

handle | 

Constant  for  decrease  of  pressure  between  jaws  of  lithotrite,  for  each  additional  pound  of  rotative) 

force  applied  to  screw-handle J 

Relative  crushing  effect  of  lithotrites  on  a calculus  for  first  pouud  of  rotative  force  applied  to  screw-  ) 

handle,  deduced  from  Nos.  10  and  11 . j 

Relative  operative  strength  of  lithotrites  as  deduced  from  their  penetrative  efficiency  and  gross  strength 


Kind  of  lithotrite. 


Forbes.  Bigelow.  Thompson 


No.  33 
14 

Single 

1.625 


252 

42 

83.3 

1 


128  64 

150.48 

1.000 

0.822 

11.93 

7.34 

0.28 

0.11 

1.000 

0.505 

1.000 

0.661 

No.  33 
4.57 
Triple 
1.3125 

82.27 

32 

61 

0.5  , 


No.  29 
4 

Quadruple 

i.ai25 

72 

30 

58.25 

0.5 

147.50 

0.872 

6.88 

0.11 

0.502 
0.652 
No.  33  F. 


Table  of  Comparative  Strength  of  Lithotrites. 


Kind  of 
lithotrite. 

Size  of 
lithotrite, 
French  scale. 

Greatest  pres- 
sure, in  lbs., 
from  which 
lithotrite 
would  recover 
shape,  or  re- 
main operative 

Ultimate  pres- 
sure, in  lbs., 
required  to 
bend,  break, 
or  make 
lithotrite 
inoperative. 

Effect  of  ultimate  pressure. 

Shown 

in 

Forbes 

No.  33 

coo 

650 

Female  shaft  bent  down  1^"  from  end  ; ends  of  flanges  of  male  jaw  slightly 
torn  ; instrument  can  be  closed  completely  and  withdrawn  from  bladder 

Fig.  9 

Forbes 

No.  29 

484 

525 

Instrument  this  size  not  tested;  figures  were  calculated  and  therefore  only 
approximate. 

Fig.  13 

Bigelow 
with  Forbes 
male  proximal 
surface  and 
V groove 

No  26 

345 

358 

Female  shaft  slightly  bent  down  from  end  ; female  jaw  broken  through 

on  one  side  of  fenestrum  ; instrument  can  be  closed  and  withdrawn  from 
bladder. 

Bigelow 

No.  33 

483 

495 

Male  jaw  snapped  off  at  top  of  spur  with  great  force,  flew  12  feet ; locking 
rods  in  handle  slightly  bent;  instrument  can  be  closed  and  withdrawn 
from  bladder. 

Fig.  10 

Bigelow 

No.  29 

381 

400 

Male  jaw  snapped  off  at  frook  with  force;  female  jaw  snapped  oft  near 
top  of  fenestrum  with*  force ; instrument  can  be  closed  and  withdrawn 
from  bladder. 

Fig.  11 

Thompson 

No.  33 

449 

472 

Instrument  this  size  not  tested ; figures  were  calculated,  and  are  therefore 
only  approximate. 

Fig.  12 

Thompson 

fenestrated 

No.  29 

355 

382 

Female  shaft  badly  bent  down  1 %"  from  end  ; screw  thread  slightly  burred  ; 
instrument  cannot  be  closed  within  1%". 

Note. — The  conditions  of  these  tests  were  identical,  and  the  resistance  of  the  dynamometer  was  applied  between  the  extreme  ends  of  the  jaws. 
The  Forbes  apd  Bigelow  instruments  were  made  by  Tiemann  & Co.,  of  New  York,  and  the  Thompson  fenestrated  by  Weiss,  of  London. 
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undue  amount  of  strength,  for  with  him  it  is  the  old 
story  of  33,000  pounds  one  foot  high  in  one 
minute,  or  one  pound  33,000  feet  high  in  one 
minute.  The  screw-handle  has  been  made  larger 
than  heretofore,  because  it  has  been  ascertained  that 
any  stone  will  give  way  before  the  instrument  suited 
to  it  is  damaged,  and  a large  screw-handle  aids  the 
easy  and  gentle  manipulation  of  the  instrument. 
The  shape  of  the  handle  is  also  different,  and  cal- 


after  this  enormous  pressure  the  instrument  was 
closed  and  could  have  been  introduced  and  with- 
drawn from  a human  bladder  with  ease  and  without 
injury  to  the  parts.  As  regards  the  calculi  crushed 
to  make  the  table  which  is  before  you,  it  may  be 
stated  that  the  large  majority  were  many  years  old 
and  much  harder  than  they  would  have  been  if 
only  recently  taken  from  a living  subject.  The 


culated  to  serve  its  purpose.  Being  made  of  very 
thin  sheet-metal  it  is  at  once  strong,  and  as  light  as 
the  lightest  handle  now  employed,  which  is,  per- 
haps, the  soda-water-fountain  wheel  of  Thompson 
or  Civiale.  I have  designed  a mechanism  which 
may  be  placed  within  the  hollow  screw-handle, 
whereby  the  operator  can  see  what  power  he  is  ex- 
erting between  the  jaws  of  the  lithotrite.  This 
mechanism,  though  it  will  add  a trifle  to  the  weight 
of  the  lithotrite,  will  not  increase  its  size  in 
any  part.  To  sum  up  this  instrument,  it  may  be 
likened  to  a chain  in  which  each  link  is  of  equal 
strength,  and  that  means  the  maximum  strength  for 
a given  size  and  weight,  or,  in  other  words,  a cor- 
rect disposition  of  metal. 

Messrs.  George  Tiemann  & Co.,  of  New  York, 
will  make  this  instrument,  and  it  is  proposed  to 
place  this  testing  apparatus  in  their  workshop,  where 
every  instrument,  will,  before  it  leaves  the  shop,  be 
tested  to  a proper  pressure  in  accordance  with  its 
size,  and  the  pressure  it  has  been  so  subjected  to 
stamped  plainly  upon  the  handle.  Thus  the  sur- 
geon may  operate  witli  the  greatest  confidence  in 
his  lithotrite,  knowing  the  pressure  it  has  been  sub 
jected  to  and  the  crushing  resistance  of  the  hardest 
calculus  thus  far  obtained  by  11s,  as  indicated  in  the 
table. 

As  a final  result  of  this  series  of  experiments,  which 
have  been  conducted  with  the  utmost  care  and  im- 
partiality, we  may  draw  several  conclusions.  First, 
as  regards  the  lithotrite,  its  shape  and  action  : After 
seven  operations  on  the  living  subject  it  has  demon- 
strated its  complete  fitness.  It  has  broken  a hun- 
dred and  fifty-eight  calculi  while  in  the  testing  ap- 
paratus, and  it  has  been  subjected  to  a pressure  of 
five  hundred  pounds  between  the  jaws  for  thirteen 
times.  Its  ultimate  strength  after  this  trying  ordeal 
was  six  hundred  and  fifty  pounds,  and,  moreover, 


greatest  resistance  offered  by  any  calculus  so  far 
encountered  by  us  was  four  hundred  and  six  pounds. 
(No.  27.) 

SVNOPSIS  OF  CONSTRUCTION  OF  THE  LITHOTRITE. 

READ  BY  DR.  W.  S.  FORBES. 

1.  Designed  with  the  view  of  meeting,  first,  the 
anatomical  conditions;  second,  conforming  to  the 
laws  of  mechanics,  special  attention  being  given  to 
the  economic  disposition  of  material. 

2.  Double  curve,  permitting  easy  introduction, 
giving  greater  strength  to  the  female  shaft  and  jaw, 
and  better  support  to  resist  side  movement  of  the 
male  jaw. 

3.  Elliptic  cross-section  of  the  shaft,  to  give 
greater  breadth  of  septum,  prevent  side  movement 
of  the  male  jaw,  and  be  of  minimum  circumference. 

4.  Angular  undercut  slot  or  V groove,  to  prevent 
the  male  blade  from  rising  out  of  the  female  shaft 
and  to  bind  the  two  closer  together  under  strain. 

5.  Concave  shape  of  the  female  proximal  surface, 
to  prevent  the  calculus  slipping  out,  as  well  as  to 
drive  it  down  to  the  lower  part  of  the  curve  and  so 
gain  strength  for  the  female  jaw. 

6.  The  female  jaw  made  flat  in  a fore-and-aft  direc- 
tion, to  take  up  a minimum  amount  of  room  in  the 
bladder. 

7.  Large  clearance  between  the  outside  of  the 
male  jaw  and  the  inside  of  the  female  jaw,  to  pre- 
vent injury  to  the  bladder,  and  impaction. 

8.  All  exposed  edges  gently  rounded  to  prevent 
injury  to  the  bladder. 


IO 


9.  All  internal  corners  rounded  to  avoid  starting 

cracks.  * 

10.  Shape  of  the  male  proximal  surface  strategic, 
i.  e.,  best  adapted  to  the  more  easily  penetrate  a cal- 
culus, to  keep  fragments  from  flying  and  clear  itself, 
to  prevent  impaction. 

11.  Plea  for  the  slow  thread  (strain  on  the  instru- 
ment and  work  done  by  operator  reduced  to  a min- 
imum and  time  gained). 

12.  Plea  for  the  large  screw- handle  ; it  is  not  too 
large  because  few  men  can  break  an  instrument  with 
it ; moreover,  the  instrument  as  constructed  will 
break  any  calculus  before  it  is  injured  itself. 
Metallic,  hollow,  and  very  light. 

13.  Interrupted  screw-mechanism.  It  is  stronger, 
less  complicated,  and  easier  to  operate. 

14.  Cylindrical  handle,  same  size  as  Bigelow’s, 
and  of  proper  size  to  allow  of  holding  tightly. 

15.  Power-recording  mechanism  in  screw-handle, 
to  measure  strain  on  lithotrite  and  crushing  resistance 
of  calculus. 

16.  The  size  of  the  instrument  is  one  and  three- 
quarter  inches  shorter  than  the  Bigelow  of  equal 
caliber  and  opening,  and  five-eighths  of  an  inch 
longer  than  Thompson’s  of  equal  caliber  and 
opening. 

17.  The  weight  of  this  instrument  is  the  same  as 
Bigelow’s  and  a trifle  more  than  Thompson’s  of 
equal  caliber  and  opening. 


Owing  to  the  kindness  of  Messrs.  George  Tie- 
roann  & Co.,  of  New  York,  in  executing  the 

Sir. 


1704  Walnut  Street. 


thoughts  of  my  son  and  in  following  his  drawings 
and  models  in  the  various  evolutions  to  the  final 
instrument,  which  is  now  brought  before  you,  and 
in  supplying  the  already  existing  types  of  instru- 
ments for  testing,  he  has  been  enabled  to  carry  these 
experiments  to  a higher  degree  of  refinement  than 
my  purse  would  otherwise  have  allowed. 

During  the  crushing  of  these  calculi  there  were 
present  on  various  occasions  the  following  gentle- 
men : Dr.  G.  M.  Gould,  of  The  Medical  News, 
Prof.  Frederick  P.  Henry,  Prof.  Harrison  Allen, 
Dr.  A.  Hewson,  Prof.  Joseph  Hearn,  Dr.  Charles 
H.  Reckefus,  Jr.,  all  of  Philadelphia.  During  the 
breaking  of  the  lithotrites  in  the  testing  machine 
there  were  present  Professor  Orville  Horwitz,  and 
Dr.  A.  Hewson,  Demonstrator  of  Anatomy,  Jeffer- 
son Medical  College. 

A word,  and  I have  done — a word,  but  a neces- 
sary one.  I know  that  I incur  the  risk  of  displeas- 
ing my  son  in  what  I am  going  to  say  ; but,  in  this 
body  of  men  and  on  this  occasion,  I trust  a father 
may  be  pardoned  for  venturing  to  digress  from  the 
injunction  of  his  son. 

In  the  paper  I have  had  the  honor  of  reading 
every  thought,  every  idea  expressed,  indeed,  the 
entire  habendum  of  the  paper,  came  from  and  be- 
longs to  my  son,  Mr.  John  S.  Forbes,  mechanical 
engineer. 


